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TITLE OF THE INVENTION 

GENE DELIVERY VECTORS PROVIDED WITH A TISSUE TROPISM FOR 
SMOOTH MUSCLE CELLS, AND/OR ENDOTHELIAL CELLS 

CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This application is a continuation-in-part of pending United States patent 
application 09/348,354, filed on 7 July 1999. 

TECHNICAL FIELD 

10002] The invention relates to the field of molecular genetics and medicine. In particular 
the present invention relates to the field of gene therapy more in particular to gene therapy using 
adenoviruses. 

BACKGROUND 

[0003] In gene therapy, genetic information is usually delivered to a host cell in order to 
either correct (supplement) a genetic deficiency in said cell, or to inhibit an undesired function in 
said cell, or to eliminate said host cell. Of course the genetic information can also be intended to 
provide the host cell with a desired function, e.g. to supply a secreted protein to treat other cells of 
the host, etc. 

[0004] Many different methods have been developed to introduce new genetic 
information into cells. Although many different systems may work on cell lines cultured in vitro, 
only the group of viral vector mediated gene delivery methods seems to be able to meet the 
required efficiency of gene transfer in vivo. Thus for gene therapy purposes most of the attention is 
directed toward the development of suitable viral vectors. Today, most of the attention for the 
development of suitable viral vectors is directed toward those vectors that are based on 
adenoviruses. These adenovirus vectors can deliver foreign genetic information very efficiently to 
target cells in vivo. Moreover, obtaining large amounts of adenovirus vectors is for most types of 
adenovirus vectors not a problem. Adenovirus vectors are relatively easy to concentrate and 
purify. Moreover, studies in clinical trials have provided valuable information on the use of these 
vectors in patients. 
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[0005] There are a lot of reasons for using adenovirus vectors for the delivery of nucleic 
acid to target cells in gene therapy protocols. However, some characteristics of the current vectors 
limit their use in specific applications. For instance endothelial cells and smooth muscle cells are 
not easily transduced by the current generation of adenovirus vectors. For many gene therapy 
applications, such as applications in the cardiovascular area, preferably these types of cells should 
be genetically modified On the other hand, in some applications, even the very good in vivo 
delivery capacity of adenovirus vectors is not sufficient and higher transfer efficiencies are 
required. This is the case, for instance, when most cells of a target tissue need to be transduced. 

[0006] The present invention was made in the course of the manipulation of adenovirus 
vectors. Tn the following section therefore a brief introduction to adenoviruses is given. 

Adenoviruses 

[0007] Adenoviruses contain a linear double-stranded DNA molecule of 
approximately 36000 base pairs. It contains identical Inverted Terminal Repeats (ETR) of 
approximately 90-140 base pairs with the exact length depending on the serotype. The viral origins 
of replication are within the ITRs exactly at the genome ends. The transcription units are divided 
into early and late regions. Shortly after infection the El A and E1B proteins are expressed and 
function in transactivation of cellular and adenoviral genes. The early regions E2A and E2B 
encode proteins (DNA binding protein, preterminal protein and polymerase) required for the 
replication of the adenoviral genome (reviewed in van der Vliet, 1995). The early region E4 
encodes several proteins with pleiotropic functions e.g. transactrvation of the E2 early promoter, 
facilitating transport and accumulation of viral mRNAs in the late phase of infection and increasing 
nuclear stability of major late pre-mRNAs (reviewed in Leppard, 1997). The early region 3 
encodes proteins that are involved in modulation of the immune response of the host (Wold et 
al, 1995)- The late region is transcribed from one single promoter (major late promoter) and is 
activated at the onset of DNA replication. Complex splicing and poly-adenylation mechanisms 
give rise to more than 12 RNA species coding for core proteins, capsid proteins (penton, hexon, 
fiber and associated proteins), viral protease and proteins necessary for the assembly of the capsid 
and shut-down of host protein translation (Imperiale, M.J., Alcusjnarvi, G. and Leppard, 
K.N. (1995) Post-transcriptional control of adenovirus gene expression. In: Trie molecular 
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repertoire of adenoviruses I P139-171, W. Doerfler and P. Bobum (eds), Springer-Verlag Berlin 
Heidelberg). 

Interaction between virus and host coil 

[0008] The interaction of the virus with the host cell has mainly been investigated with 
the serotype C viruses Ad2 and Ad5. Binding occurs via interaction of the knob region of the 
protruding fiber with a cellular receptor. The receptor for Ad2 and Ad5 and probably more 
adenoviruses is known as the 'Coxsackievirus and Adenovirus Receptor' or CAR protein 
(Bergelson et al, 1997). Internalization is mediated through interaction of the RGD sequence 
present in the penton base with cellular integrins (Wickham et al, 1993). This may not be true for 
all serotypes, for example serotypes 40 and 41 do not contain a RGD sequence in their penton base 
sequence (Kidd et al, 1993). 

The fiber protein 

[0009] The initial step for successful infection is binding of adenovirus to its target cell, a 
process mediated through fiber protein. The fiber protein has a trimeric structure (Stouten et 
al, 1992) with different lengths depending on the virus serotype (Signas et al, 1985; Kidd et 
al, 1993). Different serotypes have polypeptides with structurally similar N and C termini, but 
different middle stem regions. The first 30 amino acids at the N terminus are involved in 
anchoring of the fiber to the penton base (Chroboczek et al, 1995), especially the conserved 
FNPVYP region in the tail (Amberg et al, 1997). The C-termmu$> or knob, is responsible for 
initial interaction with the cellular adenovirus receptor. After this initial binding secondary binding 
between the capsid penton base and cell-surface integrins leads to internalization of viral particles 
in coated pits and endocytosis (Morgan et al, 1969; Svensson and Persson, 1984; Varga et al, 1991 ; 
Greber et al, 1993; Wickham et al, 1993). Integrins are aP-heterodimers of which at least 14 
a-subunifo and 8 p-subunits have been identified (Hynes, 1992). The array of integrins expressed 
in cells is complex and will vary between cell types and cellular environment. Although the knob 
contains some conserved regions, between serotypes, knob proteins show a high degree of 
variability, indicating that different adenovirus receptors exist. 

3 



PAGE 5/73 ' RCVD AT 1 1/1/2004 12:04:12 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-3/27 * DNIS:273072d * CS!D:S01 531 9168 * DURATION (mm-ss): 19-34 



ll/jai/2084 18:93 8815319168 



TRASKBRITT, P.C. 



PAGE 06/73 



Adenoviral serotypes 

[0010] At present, six different subgroups of human adenoviruses have been proposed 
which in total encompass approximately 50 distinct adenovirus serotypes. Besides these human 
adenoviruses, many animal adenoviruses have been identified (see, e.g. Ishibashi and 
Yasue, 1984). A serotype is defined on the basis of its immunological distinctiveness as 
determined by quantitative neutralization with animal antiserum (horse, rabbit). If neutralization 
shows a certain degree of cross-reaction between two viruses, distinctiveness of serotype is 
assumed if A) the hemagglutinins are unrelated, as shown by lack of cross-reaction od 
hemagglutination-inrribition, or B) substantial biophysicaybiochemical differences in DNA exist 
(Francki et al, 1991). The serotypes identified last (42-49) were isolated for the first time 
from HTV infected patients (Hierholzer et al, 1988; Schnurr et al, 1993). For reasons not well 
understood, most of such inmiuno-compromised patients shed adenoviruses that were never 
isolated from immuno-competent individuals (Hierholzer et al, 1988, 1992; Khoo et al, 1995). 

[0011] Besides differences towards the sensitivity against neutralizing antibodies of 
different adenovirus serotypes, adenoviruses in subgroup C such as Ad2 and Ad5 bind to different 
receptors as compared to adenoviruses from subgroup B such as Ad3 and Ad7 (Defer et al, 1990; 
Gall et al, 1996). Likewise, it was demonstrated that receptor specificity could be altered by 
exchanging the Ad3 knob protein with the Ad 5 knob protein, and vice versa (Krasnykh et al, 1996; 
Stevenson et al. 1995, 1997). Serotypes 2, 4, 5 and 7 all have a natural affiliation towards lung 
epithelia and other respiratory tissues. In contrast, serotypes 40 and 41 have a natural affiliation 
towards the gastrointestinal tract. These serotypes differ in at least capsid proteins (penton-base, 
hexou), proteins responsible for cell binding (fiber protein), and proteins involved in adenovirus 
replication. It is unknown to what extent the capsid proteins determine the differences in tropism 
found between the serotypes. It may very well be that postinfection mechanisms determine cell 
type specificity of adenoviruses. It has been shown that adenoviruses from serotypes A (Adl 2 and 
Ad31), C (Ad2 and Ad5), D (Ad9 and Adl 5), E (Ad4) and F (Ad41) all are able to bind labeled, 
soluble CAR(sCAR) protein when immobilized on nitrocellulose. Furthermore, binding of 
adenoviruses from these serotypes to Ramos cells, that express high levels of CAR but lack 
integrins (Roelvink et al, 1996), could be efficiently blocked by addition of sCAR to viruses prior 
to infection (Roelvink et al, 1 998). However, the fact that (at least some) members of these 
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subgroups are able to bind CAR does not exclude that these viruses have different infection 
efficiencies in various cell types. For example subgroup D serotypes have relatively short fiber 
shafts compared to subgroup A andC viruses. It has been postulated that the tropism of 
subgroup D viruses is to a large extent determined by the penton base binding to integrins 
(Roelvink et al } 1996; Roelvink et al, 1998). Another example is provided by Zabner et al, 1998 
who have tested 14 different serotypes on infection of human ciliated airway epithelia (CAE) and 
found that serotype 17 (subgroup D) was bound and internalized more efficiently than all other 
viruses, including other members of subgroup D. Similar experiments using serotypes from 
subgroup A-F in primary fetal rat cells showed that adenoviruses from subgroup A and B were 
inefficient whereas viruses from subgroup D were most efficient (Law et, al 1998). Also in this 
case viruses within one subgroup displayed different efficiencies. The importance of fiber binding 
for the improved infection of Adl7 in CAE was shown by Armentano et al, (WO 98/22609) who 
made a recombinant LacZ Ad2 virus with a fiber gene from Ad 17 and showed that the chimaeric 
virus infected CAE more efficiently then LacZ Ad2 viruses with Ad2 fibers. 

[0012] Thus, despite their shared ability to bind CAR, differences in the length of the 
fiber, knob sequence and other capsid proteins e.g. penton base of the different serotypes may 
determine the efficiency by which an adenovirus infects a certain target cell. Of interest in this 
respect is the ability ofAdS andAd2 fibers but not ofAd3 fibers to bind to fibronectin III 
and MHC class 1 o2 derived peptides. This suggests that adenoviruses are able to use cellular 
receptors other than CAR (Hong et al, 1997). Serotypes 40 and 41 (subgroup F) are known to 
carry two fiber proteins differing in the length of the shaft. The long shafted 41 L fiber is shown to 
bind to CAR whereas the short shafted 41S is not capable of binding CAR (Roelvink et al, 1998). 
The receptor for the short fiber is not known. 

Adenoviral gene delivery vectors 

[0013] Most adenoviral gene delivery vectors currently used in gene therapy are derived 
from the serotype C adenoviruses Ad2 or Ad5. The vectors have a deletion in the El region, where 
novel genetic information can be introduced. The El deletion renders the recombinant virus 
replication defective. It has been demonstrated extensively that recombinant adenovirus, in 
particular serotype 5 is suitable for efficient transfer of genes in vivo to the liver, the airway 
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epithelium and solid tumors in animal models and human xenografts in immune-deficient mice 
(Bout 1996, 1997; Blaese et al, 1995). 

[0014] Gene transfer vectors derived from adenoviruses (adenoviral vectors) have a 
number of features that make them particularly useful for gene transfer: 

1) the biology of the adenoviruses is well characterized, 

2) the adenovirus is not associated with severe human pathology, 

3) the virus is extremely efficient in introducing its DNA into the host cell, 

4) the virus can infect a wide variety of cells and has a broad host-range, 

5) the virus can be produced at high titers in large quantities, 

6) and the virus can be rendered replication defective by deletion of the early-region 1 (El) of 
the viral genome (Brody and Crystal, 1994). 

[0015] However, there is still a number of drawbacks associated with the use of 
adenoviral vectors: 

1) Adenoviruses, especially the well investigated serotypes Ad2 andAd5 usually elicit an 
immune response by the host into which they are introduced, 

2) it is currently not feasible to target the virus to certain cells and tissues, 

3) the replication and other functions of the adenovirus are not always very well suited for the 
cells, which are to be provided with the additional genetic material, 

4) the serotypes Ad2 or Ad5, are not ideally suited for delivering additional genetic material to 
organs other than the liver. The liver can be particularly well transduced with vectors derived 
from Ad2 or Ad5. Delivery of such vectors via the bloodstream leads to a significant deliver of the 
vectors to the cells of the liver. In therapies were other cell types then liver cells need to be 
transduced some means of liver exclusion must be applied to prevent uptake of the vector by these 
cells. Current methods rely on the physical separation of the vector from the liver cells, most of 
these methods rely on localizing the vector and/or the target organ via surgery, balloon angioplasty 
or direct injection into an organ via for instance needles. Liver exclusion is also being practiced 
through delivery of the vector to compartments in the body that are essentially isolated from the 
bloodstream thereby preventing transport of the vector to the liver. Although these methods mostly 
succeed in avoiding gross delivery of the vector to the liver, most of the methods are crude and still 
have considerable leakage and/or have poor target tissue penetration characteristics. In some cases 
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inadvertent delivery of the vector to liver cells can be toxic to the patient For instance, delivery of a 
herpes simplex virus (HSV) thymidine kinase (TK) gene for the subsequent killing of dividing 
cancer cells through administration of ganciclovir is quite dangerous when also a significant 
amount of liver cells are transduced by the vector. Significant delivery and subsequent expression 
of the HSV-TK gene to liver cells is associated with severe toxicity. Thus there is a discrete need 
for an inherently safe vector provided with the property of a reduced transduction efficiency of liver 
cells. 

BRIEF DESCRIPTION OF DRAWINGS 
[00161 Table I: Oligonucleotides and degenerate oligonucleotides used for the 
amplification of DNA encoding fiber proteins derived from alternative adenovirus serotypes. 
(Bold letters represent Ndcl restriction site(A-E), Nsil restriction site (1-6, 8), or Pad restriction 
site (7). 

10017) Table II: Biodistribution of chimaeric adenovirus upon intravenous tail vein 
injection. Values represent luciferase activity/ ug of total protein. All values below 200 Relative 
light units/ ug protein are considered background. ND - not determined. 

[0018] Table EI: Expression of CAR and integrins on the cell surface of endothelial cells 
and smooth muscle cells. 70%: Cells harvested fbrFACS analysis at a cell density of 70% 
confluence 100%; Cells harvested forFACS analysis at a cell density of 100% confluency. 
PEKC6 cells were taken as a control for antibody staining. Values represent percentages of cells 
that express CAR or either one of the integrins at levels above background. As background 
control, HUVECs or HUVsmc were incubated only with the secondary, rat-anti-mouse IgG I -PE 
labeled antibody. 

[00.191 Table IV: Determination of transgene expression (luciferase activity) per u.g of 
total cellular protein after infection of A549 cells. 

[0020] Figure 1 : Schematic drawing of the pBr/A&Bam-rlTR construct. 

[0021] Figure 2: Schematic drawing of the strategy used to delete the fiber gene from 
the pBr/Ad.Bam-rITR construct. 

[0022] Figure 3: Schematic drawing of construct pBr/Ad.BamRAfib (ECACC deposit 
number 01 121708). 
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[0023] Figure 4: Sequences of the chimaeric fibers Ad5 (SEQ ID NO:16) Ad5/12 (SEQ 
ID NO:17), Ad5/16 (SEQ ID NO:18), Ad5/28 (SEQ ID NO:19), and Ad5/40-L (SEQ ID NO:20). 

[0024] Figure 5: Schematic drawing of the construct pClipsal-Luc. 

[00251 Figure 6: Schematic drawing of the method to generate chimaeric adenoviruses 
using three overlapping fragments. Early (E) and late regions (L) are indicated. L5 is the fiber 
coding sequence. 

[0026] Figure 7: A) Infection of HUVEC cells using different amounts of virus particles 
per cell and different fiber chimaeric adenoviruses. Virus concentration: 10000 vp/ cell (= white 
bar), 5000 vp/ cell (= grey bar), 2500 vp/ cell (= Black bar) 1000 vp/ cell (light grey bar, 250 
and 50 vp/ cell no detectable luciferase activity above background. Luciferase activity is expressed 
in relative light units (RLU) per microgram of cellular protein. B) tofection of HUVEC cells 
using different concentrations of cells (22500, 45000, 90000, or 135000 cells seeded per well) and 
either adenovirus serotype 5 (black bar) or the fiber 16 chimeric adenovirus (white bar), Luciferase 
activity is expressed in relative light units (RLU) per microgram cellular protein. Q Flow 
cytometric analysis on Human aorta EC transduced with 500 (Black bar) or 5000 (grey bar) virus 
particles per cell of Ad5 or the fiber 1 6 chimeric virus (Fibl 6). Non-infected cells were used to set 
the background at 1% and a median fluorescence of 5.4, The maximum shift in the median 
fluorescence that can be observed on a flow cytometer is 9999. This latter indicates that at 5000 
Vp/ cell both Ad5 and Fib 16 are outside the sensitivity scale of the flow cytometer. 

[0027] Figure 8: A) Infection of HUVsmc cells using different amounts of virus particles 
per cell and different fiber mutant Ad5 based adenoviruses. Virus concentration: 5000 vp/ cell 
(- white bar), 2500 vp/ cell (= grey bar), 1250 vp/ cell (= dark grey bar), 250 vp/ cell (= black bar), 
or 50 vp/ cell (light grey bar). Luciferase activity is expressed as relative light units (RLU) per 
microgram cellular protein. B) Infection of HUVsmc cells using different concentrations of cells 
(10000, 20000, 40000, 60000, or 80000 cells per well) and either adenovirus serotype 5 (white 
bars) or the fiber 16 chimeric adenovirus (black bars). A plateau is observed after infection with 
chimeric fiber 16 adenovirus due to the fact that transgene expression is higher than the sensitivity 
range of the bioluminometer used. C) Human umbilical vein SMC transduced with 500 VP/ cell 
(black bar) or 5000 VP/ cell (grey bar) using either Ad5 or the fiber 16 mutant (Fibl 6). 
Non-transduced cells were used to set a background median fluorescence of approximately 1. 
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Shown is the median fluorescence of GFP expression as measured by flow cytometry. 
D) HUVsmc were infected with 312 flight grey bar), 625 (grey bar), 1250 (black bar), 2500 (dark 
grey bar), 5000 (light grey bar), or 1 0000 (white bar) virus particles per cell of either the fiber 1 1 , 
16, 35, or 51 chimeric virus. Luciferase transgene expression expressed as relative light 
units (RLU) per microgram protein was measured 48 hours after virus exposure. E) Macroscopic 
photographs of LacZ staining on saphenous samples. Nuclear targeted LacZ (ntLacZ) yields a 
deep blue color which appears black or dark grey in non-color prints. F) Macroscopic 
photographs of LacZ staining on pericard samples. Nuclear targeted LacZ (ntLacZ) gives a deep 
blue color which appears black in non-color prints. G) Macroscopic photographs of LacZ staining 
on right coronary artery samples. Nuclear targeted LacZ (ntLacZ) gives a deep blue color which 
appears black in non-color prints. H) LacZ staining on Left artery descending (LAD) samples. 
Nuclear targeted LacZ (ntLacZ) gives a deep blue color which appears black in non-color prints. 

[0Q28] Figure 9: Sequences including the gene encoding adenovirus 16 fiber protein as 
published in Genbank (SEQ ID NO:21) and sequence including a gene encoding a fiber from an 
adenovirus 16 variant as isolated in the present invention, wherein the sequences of the fiber 
protein are from the Ndel-stte (SEQ ID NO:22). FIG. 9A is a nucleotide sequence comparison 
(SEQ ID NOS:21 (upper stand) and 22 (lower strand)). FIG. 9B is an amino-acid comparison 
(SEQ ID NOS:23 (upper strand) and 24 (lower strand)). 

SUMMARY OF THE INVENTION 
[0029) The present invention provides gene therapy methods, compounds and medicines. 
The present invention is particularly useful in gene therapy applications were endothelial cells 
and /or smooth muscle cells form the target cell type. The present invention relates to gene 
delivery vehicles provided with a tissue tropism for at least endothelial cells and /or smooth muscle 
cells. The present invention further relates to gene delivery vehicles having been deprived of a 
tissue tropism for liver cells. 

DETAILED DESCRIPTION OF THE INVENTION 
[0030] It is an object of the current invention to provide materials and methods to 
overcome the limitations of adenoviral vectors mentioned above. In a broad sense, the invention 
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provides new adenoviruses, derived in whole or in part from serotypes different from Ad5. 
Specific genes of serotypes with preferred characteristics maybe combined in a chim aerie vector to 
give rise to a vector that is better suited for specific applications. Preferred characteristics include, 
but are not limited to, improved infection of a specific target cell, reduced infection of non-target 
cells, improved stability of the virus, reduced uptake in antigen presenting cells (APC), or 
increased uptake in APC, reduced toxicity to target cells, reduced neutralization in humans or 
animals, reduced or increased CTL response in humans or animals, better and/or prolonged 
transgene expression, increased penetration capacity in tissues, improved yields in packaging cell 
lines, etc. 

[0031] One aspect of the present invention facilitates the combination of the low 
immunogenicity of some adenoviruses with the characteristics of other adenoviruses that allow 
efficient gene therapy. Such characteristics may be a high specificity for certain host cells, a good 
replication machinery for certain cells, a higji rate of infection in certain host cells, low infection 
efficiency in non-target cells, high or low efficiency of APC infection, etc. The invention thus may 
provide chimaeric adenoviruses having the useful properties of at least two adenoviruses of 
different serotypes. 

[0032] Typically, two or more requirements from the above non-exhaustive list are 
required to obtain an adenovirus capable of efficiently trar^ferring genetic material to a host cell. 
Therefore, the present invention provides adenovirus vectors which can be used as cassettes to 
insert different adenoviral genes from different adenoviral serotypes at the required sites. This way 
one can obtain a vector capable of producing a chimaeric adenovirus, whereby of course also a 
gene of interest can be inserted (for instance at the site of El of the original adenovirus). In this 
manner the chimaeric adenovirus to be produced can be adapted to the requirements and needs of 
certain hosts in need of gene therapy for certain disorders. To enable this virus production, a 
packaging cell will generally be needed in order to produce sufficient amount of safe chimaeric 
adenoviruses. 

[0033] In one of its aspects the present invention provides adenoviral vectors comprising 
at least a fragment of a fiber protein of an adenovirus from subgroup B. Said fiber protein may be 
th« native fiber protein of the adenoviral vector or may be derived from a serotype different from 
the serotype the adenoviral vector is based on. In the latter case the adenoviral vector according to 
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the invention is a chimaeric adenovirus displaying at least a fragment of the fiber protein derived 
from subgroup B adenovirus that fragment comprising at least the receptor binding sequence. 
Typically such a virus will be produced using a vector (typically a plasmid, a cosmid or 
baculovirus vector). Such vectors are also subject of the present invention. A preferred vector is a 
vector that can be used to make a chimaeric recombinant virus specifically adapted to the host to be 
treated and the disorder to be treated 

[0034] The present invention also provides a chimaeric adenovirus based on adenovirus 
type 5 but having at least a fragment of the fiber sequence from adenovirus type 16, whereby the 
fragment of the fiber of Adl6 comprises the fragment of the fiber protein that is involved in 
binding a host cell The present invention also provides chimaeric adenoviral vectors that show 
improved infection as compared to adenoviruses from other subgroups in specific host cells tor 
example, but not limited to, endothelial cells and smooth muscle cells of human or animal origin. 
An important feature of the present invention is the means to produce the chimaeric vims. 
Typically, one does not want an adenovirus batch to be administered to the host cell, which 
contains replication competent adenovirus. In general therefore it is desired to omit a number of 
genes (but at least one) from the adenoviral genome on the vector encoding the chimaeric virus and 
to supply these genes in the genome of the cell in which the vector is brought to produce chimaeric 
adenovirus. Such a cell is usually called a packaging cell. The invention thus also provides a 
packaging cell for producing a chimaeric adenovirus according to the invention, comprising in 
trans all elements necessary for adenovirus production not present on the adenoviral vector 
according to the invention. Typically vector and packaging cell have to be adapted to one another 
in that they have all the necessary elements, but that they do not have overlapping elements which 
lead to replication competent virus by recombination. Thus the invention also provides a kit of 
parts comprising a packaging cell according to the invention and a recombinant vector according 
the invention whereby there is essentially no sequence overlap leading to recombination resulting 
in the production of replication competent adenovirus between said cell and said vector. For 
certain applications for example when the therapy is aimed at eradication of tumor cells, the 
adenoviral vector according to the invention may be replication competent or capable of replicating 
under certain conditions for example in specific cell types like tumor cells or tumor endothelial 
cells. 
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(00351 It is within the scope of the invention to insert more genes, or a functional part of 
these genes from the same or other serotypes into the adenoviral vector replacing the corresponding 
native sequences. Thus for example replacement of (or a functional part of the) fiber sequences 
with corresponding sequences of other serotypes may be combined with for example replacements 
of (a functional part of) other capsid genes like penton base or hexon with corresponding sequences 
of said serotype or of other distinct serotypes. Persons skilled in the art will understand that other 
combinations not limited to the said genes are possible and are within the scope of the invention. 
The chimaeric adenoviral vector according to the invention may originate from at least two 
different serotypes. This may provide the vector with preferred characteristics such as improved 
infection of target cells and/or less infection of non-target cells, improved stability of the virus, 
reduced irmnunogenicity in humans or animals (e.g. reduced uptake in APC, reduced neutralization 
in the host and/or reduced cytotoxic T-lymphocyte (CTL) response), increased penetration of 
tissue, better longevity of transgene expression, etc. In this aspect it is preferred to use capsid 
genes e.g. penton and/or hexon genes from less immunogenic serotypes as defined by the absence 
or the presence of low amounts of neutralizing antibodies in the vast majority of hosts. It is also 
preferred to use fiber and/or penton sequences from serotypes that show improved binding and 
internalization in the target cells. Furthermore it is preferred to delete from the viral vector those 
genes which lead to expression of adenoviral genes in the target cells. In this aspect a vector 
deleted of all adenoviral genes is also preferred. Furthermore it is preferred that the promoter 
driving the gene of interest to be expressed in the target cells is a cell type specific promoter. 

[0036| Tn order to be able to precisely adapt the viral vector and provide the chimaeric 
virus with the desired properties at will, it is preferred that a library of adenoviral genes is provided 
whereby the genes to be exchanged are located on plasmid- or cosmid-based adenoviral constructs 
whereby the genes or the sequences to be exchanged are flanked by restriction sites. The preferred 
genes or sequences can be selected from the library and inserted in the adenoviral constructs that 
are used to generate the viruses. Typically such a method comprises a number of restriction and 
ligation steps and transfection of a packaging cell. The adenoviral vector can be transfected in one 
piece, or as two or more overlapping fragments, whereby viruses are generated by homologous 
recombination. For example the adenoviral vector may be built up from two or more overlapping 
sequences for insertion or replacements of a gene of interest in for example the El region, for 
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insertion or replacements in penton and/or hexon sequences, and for insertions or replacements into 
fiber sequences. Thus the invention provides a method for producing chimaeric adenoviruses 
having one or more desired properties like a desired host range and diminished antigenicity, 
comprising providing one or more vectors according to the invention having the desired insertion 
sites, inserting into said vectors at least a functional part of a fiber protein derived from an 
adenovirus serotype having the desired host range and/or inserting a functional part of a capsid 
protein derived from an adenovirus serotype having relatively low antigenicity and transfecting 
said vectors in a packaging cell according to the invention and allowing for production of 
chimaeric viral particles. Of course other combinations of other viral genes originating from 
different serotypes can also he inserted as disclosed herein before. Chimaeric viruses having only 
one non-native sequence in addition to an insertion or replacement of a gene of interest in the El 
region, are also within the scope of the invention, 

[00371 An immunogenic response to adenovirus that typically occurs is the production of 
neutralizing antibodies by the host. This is typically a reason for selecting a capsid protein like 
penton, hexon and/or fiber of a less immunogenic serotype. 

[0038] Of course it may not be necessary to make chimaeric adenoviruses which have 
complete proteins from different serotypes. It is well within the skill of the art to produce 
chimaeric proteins, for instance in the case of fiber proteins it is very well possible to have the base 
of one serotype and the shaft and the knob from another serotype. In this manner it becomes 
possible to have the parts of the protein responsible for assembly of viral particles originate from 
one serotype, thereby enhancing the production of intact viral particles. Thus the invention also 
provides a chimaeric adenovirus according to the invention, wherein the hexon, penton, fiber 
and/or other capsid proteins are chimaeric proteins originating from different adenovirus serotypes. 
Besides generating chimaeric adenoviruses by swapping entire wild type capsid (protein) genes etc. 
or parts thereof, it is also within the scope of the present invention to insert capsid (protein) genes 
etc. carrying non-adenoviral sequences or mutations such as point mutations, deletions, insertions, 
etc. which can be easily screened for preferred characteristics such as temperature stability, 
assembly, anchoring, redirected infection, altered immune response etc. Again other chimaeric 
combinations can also be produced and are wi thin the scope of the present invention. 
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[0039] It has been demonstrated in mice and rats that upon m vivo systemic delivery of 
recombinant adenovirus of common used serotypes for gene therapy purposes more than 90% of 
the virus is trapped in the liver (Herz et al, 1993; Kass-Eisler et al, 1994; Huard et al, 1995). It is 
also known that human hepatocytes are efficiently transduced by adenovirus serotype 5 vectors 
(Castell, J.V. t Hernandez, D. Gomez-Foix, A.M., Guillen, I, Donato, T. and Gomez-Lechon, 
M.J. (1997). Adenovirus-rnediated gene transfer into human hepatocytes; analysis of the 
biochemical functionality of transduced cells. Gene Ther. 4 (5)> p455-464). Thus in vivo gene 
therapy by systemic delivery of Ad2 or Ad5 based vectors is seriously hampered by the efficient 
uptake of the viruses in the liver leading to unwanted toxicity and less virus being available for 
transduction of the target cells. Therefore, alteration of the adenovirus serotype 5 host cell range to 
be able to target other organs in vivo is a major interest of the invention. 

[0040] To obtain re-directed infection of recombinant adenovirus serotype 5, several 
approaches have been or still are under investigation. Wickham et al have altered the RGD (Arg, 
Gly> Asp) motif in the penton base which is believed to be responsible for the 0^3 and a$s integrin 
binding to the penton base. They have replaced this RGD motif by another peptide motif which is 
specific for the <u&\ receptor. In this way targeting the adenovirus to a specific target cell could be 
accomplished (Wickham et al, 1995). Krasnykh et al (1998) have made use of the HI loop 
available in the knob. This loop is, based on X-ray crystallography, located on the outside of the 
knob trimeric structure and therefore is thought not to contribute to the intramolecular interactions 
in the knob. Insertion of a FLAG coding sequence into the HI loop resulted in fiber proteins that 
were able to trimerise and it was further shown that viruses containing the FLAG sequence in the 
knob region could be made. Although interactions of the FLAG-containing knob with CAR are 
not changed, insertion of ligands in the HI loop may lead to retargeting of infection. Although 
successful introduction of changes in the adenovirus serotype 5 fiber and penton-base have been 
reported, the complex structure of knob and the limited knowledge of the precise amino acids 
interacting with CAR render such targeting approaches laborious and difficult The use of 
antibodies binding to CAR and to a specific cellular receptor has also been described (Wickham et 
al, 1996; Rogers et al, 1997). This approach is however limited by the availability of specific 
antibody and by the complexity of the gene therapy product. 
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[0041] To overcome the limitations described above we used pre-existing adenovirus 
fibers, penton base proteins, bexon proteins or other capsid proteins derived from other adenovirus 
serotypes. By generating chimaeric adenovirus serotype 5 libraries containing structural proteins 
of alternative adenovirus serotypes, we have developed a technology, which enables rapid 
screening for a recombinant adenoviral vector with preferred characteristics. 

[0042] It is an object of the present invention to provide methods for the generation of 
chimaeric capsids which can be targeted to specific cell types in vitro as well as in vivo, and thus 
have an altered tropism for certain cell types. It is a farmer object of the present invention to 
provide methods and means by which an adenovirus or an adenovirus capsid can be used as a 
protein or nucleic acid delivery vehicle to a specific cell type or tissue. 

[0043] The generation of chimaeric adenoviruses based on adenovirus serotype 5 with 
modified late genes is described. For this purpose, three plasmids, which together contain the 
complete adenovirus serotype 5 genome, were constructed. From one of these plasmids part of 
the DNA encoding the adenovirus serotype 5 fiber protein was removed and replaced by 
linker DNA sequences that facilitate easy cloning. This plasmid subsequently served as template 
for the insertion of DNA encoding fiber protein derived from different adenovirus serotypes. 
The DNA sequences derived from the different serotypes were obtained using the polymerase 
chain reaction technique in combination with (degenerate) oligonucleotides. At the former El 
location in the genome of adenovirus serotype 5, any gene of interest can be cloned A single 
transaction procedure of the three plasmids together results in the formation of a recombinant 
chimaeric adenovirus. Alternatively, cloning of the sequences obtained from the library of genes 
can be such that the chirnaeric adenoviral vector is built up from one or two fragments. For 
example one construct contains at least the left ITR and sequences necessary for packaging of the 
virus, an expression cassette for the gene of interest and sequences overlapping with the second 
construct comprising all sequences necessary for replication and virus formation not present in the 
packaging cell as well as the non-native sequences providing the preferred characteristics. This 
new technology of libraries consisting of chimaeric adenoviruses thus allows for a rapid screening 
improved recombinant adenoviral vectors for in vitro and in vivo gene therapy purposes. 

[0044] The use of adenovirus type 5 for in vivo gene therapy is limited by the apparent 
inability to infect certain cell types e.g. human endothelial cells and smooth muscle cells and the 
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preference of infection of certain organs eg. liver and spleen. Specifically, this has consequences 
for treatment of cardiovascular diseases like restenosis and pulmonary hypertension. 
Adenovims-mediated delivery of human ceNOS (constitutive endothelial nitric oxide synthase) has 
been proposed as treatment for restenosis after percutaneous transluminal coronary 
angioplasty (PTCA). Restenosis is characterized by progressive arterial remodeling, extracellular 
matrix formation and intimal hyperplasia at the site of angioplasty (Schwartz et al, 1993; Carter et 
al ? 1994; Shi et al, 1996). NO is one of the vasoactive factors shown to be lost after PTCA-induced 
injury to the endothelial barrier (Lloyd Jones and Bloch, 1 996). Thus restoration of NO levels after 
balloon-induced injury by means of adenoviral delivery ofceNOS may prevent restenosis 
(Varenne et al, 1998). Other applications for gene therapy whereby the viruses or chimaeric 
viruses according to the invention are superior to Ad2 or Ad5 based viruses, given as non-limiting 
examples, are production of proteins by endothelial cells that are secreted into the blood, treatment 
of hypertension, preventive treatment of stenosis during vein grafting, angiogenesis, heart failure, 
renal hypertension and others. 

[0045] In one embodiment this invention describes adenoviral vectors that are, amongst 
others, especially suited for gene delivery to endothelial cells and smooth muscle cells important for 
treatment of cardiovascular disorders. The adenoviral vectors preferably are derived from 
subgroup B adenoviruses or contain at least a functional part of the fiber protein from an adenovirus 
from subgroup B comprising at least the cell-binding moiety of the fiber protein. In a further 
preferred embodiment the adenoviral vectors are chimaeric vectors based on adenovirus type 5 and 
contain at least a functional part of the fiber protein from adenovirus type 16. 

[0046] In another embodiment this invention provides adenoviral vectors or chimaeric 
adenoviral vectors that escape the liver following systemic adniinistration. Preferably these 
adenoviral vectors are derived from subgroup A, B, D, or F in particular serotypes 12, 1 6, 28 and 40 
or contain at least the cell-binding moiety of the fiber protein derived from said adenoviruses. 

[0047] It is to be understood that in all embodiments the adenoviral vectors may be 
derived from the serotype having the desired properties or that the adenoviral vector is based on an 
adenovirus from one serotype and contains the sequences comprising the desired functions of 
another serotype, these sequences replacing the native sequences in the said serotype. 



16 



PAGE 18/73 * RCVD AT 11/1/2004 12:04:1 2 PM [Eastern Standard lime] * SVR:USPTO-EFXRF-3/27 * DNIS:2730726 * CSID:8015319168 ' DURATION (mm-ss):!^ 



11/81/2004 10:03 8015319168 



TRASKBRITT, P.C. 



PAGE 19/73 



[0048J In another aspect this invention describes chimaeric adenoviruses and methods to 
generate these viruses that have an altered tropism different from that of adenovirus serotype 5. For 
example, viruses based on adenovirus serotype 5 but displaying any adenovirus fiber existing in 
nature. This chimaeric adenovirus serotype 5 is able to infect certain cell types more efficiently, or 
less efficiently in vitro and in vivo than the adenovirus serotype 5, Such ceils include but are not 
limited to endothelial cells, smooth muscle cells, dendritic cells, neuronal cells, glial cells, synovical 
cells, lung epithelial cells, hemopoietic stem cells, monocytic/macrophage cells, tumor cells, 
skeletal muscle cells, mesothelial cells, synoviocytes, etc. 

[0049J In another aspect the invention describes the construction and use of libraries 
consisting of distinct parts of adenovirus serotype 5 in which one or more genes or sequences have 
been replaced with DNA derived from alternative human or animal serotypes. This set of 
constructs, in total encompassing the complete adenovirus genome, allows for the construction of 
unique chimaeric adenoviruses custornized for a certain disease, group of patients or even a single 
individual. 

[0050] In all aspects of the invention the chimaeric adenoviruses may, or may not, contain 
deletions in the El region and insertions of heterologous genes linked either or not to a promoter. 
Furthermore, chimaeric adenoviruses may, or may not, contain deletions in the E3 region and 
insertions of heterologous genes Jinked to a promoter. Furthermore, chimaeric adenoviruses may, 
or may not, contain deletions in the E2 and/or E4 region and insertions of heterologous genes linked 
to a promoter. In the latter case E2 and/or E4 complementing cell lines are required to generate 
recombinant adenoviruses. In fact any gene in the genome of the viral vector can be taken out and 
supplied in trans. Thus, in the extreme situation, chimaeric viruses do not contain any adenoviral 
genes in their genome and are by definition minimal adenoviral vectors, In this case all adenoviral 
functions are supplied in trans using stable cell lines and/or transient expression of these genes. A 
method for producing minimal adenoviral vectors is described in WO97/00326 and is taken as 
reference herein. In another case Ad/AAV chimaeric molecules are packaged into the adenovirus 
capsids of the invention. A method for producing Ad/AAV chimaeric vectors is described in 
EP 1 042 494 and is taken as reference herein. In principle any nucleic acid may be provided with 
the adenovirus capsids of the invention. 
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100511 In one embodiment the invention provides a gene delivery vehicle having been 
provided with at least a tissue tropism for smooth muscle cells and/or endothelial cells. In another 
embodiment the invention provides a gene delivery vehicle deprived of a tissue tropism for at least 
liver cells. Preferably, said gene delivery vehicle is provided with a tissue tropism for at least 
smooth muscle cells and/or endothelial cells and deprived of a tissue tropism for at least liver cells. 
In a preferred embodiment of the invention said gene delivery vehicle is provided with a tissue 
tropism for at least smooth muscle cells and/or endothelial cells and/or deprived of a tissue tropism 
for at least liver cells using a fiber protein derived from a subgroup B adenovirus, preferably of 
adenovirus 16. Tn a preferred aspect of the invention said gene delivery vehicle comprises a virus 
capsid. Preferably said virus capsid comprises a virus capsid derived in whole or in part from an 
adenovirus of subgroup B, preferably from adenovirus 1 6, or it comprises proteins, or parts thereof; 
from an adenovirus of subgroup B, preferably of adenovirus 16. In preferred embodiment of the 
invention said virus capsid comprises proteins, or fragments thereof, from at least two different 
viruses, preferably adenoviruses. In a preferred embodiment of this aspect of the invention at least 
one of said virus is an adenovirus of subgroup B, preferably adenovirus 16. 

[ 0052] In a preferred embodiment of the invention said gene delivery vehicle comprises 
an adenovirus fiber protein or fragments thereof Said fiber protein is preferably derived from an 
adenovirus of subgroup B, preferably adenovirus 16. Said gene delivery vehicle may further 
comprise other fiber proteins, or fragments thereof, from other adenoviruses. Said gene delivery 
vehicle may or may not comprise other adenovirus proteins. Nucleic acid may be linked directly to 
fiber proteins, or fragments thereof, but may also be linked indirectly. Examples of indirect 
linkages include but are not limited to, packaging of nucleic acid into adenovirus capsids or 
packaging of nucleic acid into liposomes, wherein a fiber protein, or a fragment thereof, is 
incorporated into an adenovirus capsid or linked to a liposome. Direct linkage of nucleic acid to a 
fiber protein, or fragment thereof; may be performed when said fiber protein, or a fragment thereof, 
is not part of a complex or when said fiber protein or a fragment thereof, is part of a complex, such 
as an adenovirus capsid. 

[00531 In one embodiment of the invention is provided a gene delivery vehicle 
comprising an adenovirus fiber protein wherein said fiber protein comprises a tissue determining 
fragment of an adenovirus of subgroup B adenovirus preferably of adenovirus 16- Adenovirus fiber 
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protein comprises three functional domains. One domain, the base, is responsible for anchoring the 
fiber to a penton base of the adenovirus capsid. Another domain, the knob, is responsible for 
receptor recognition whereas the shaft domain functions as a spacer separating the base from the 
knob. The different domains may also have other function. For instance, the shaft is presumably 
also involved in target cell specificity. Each of the domains mentioned above may be used to define 
a fragment of a fiber. However, fragments may also be identified in another way. For instance the 
knob domain comprises of a receptor binding fragment and a shaft binding fragment The base 
domain comprises of a penton base binding fragment and a shaft binding fragment Moreover, the 
shaft comprises of repeated stretches of amino acids. Each of these repeated stretches may be a 
fragment. 

[0054] A tissue tropism determining fragment of a fiber protein may be a single fragment 
of a fiber protein or a combination of fragments of at least one fiber protein, wherein said tissue 
tropism determining fragment, either alone or in combination with a virus capsid, determines the 
efficiency with which a gene delivery vehicle can transduce a given cell or cell type, preferably but 
not necessarily in a positive way. With a tissue tropism for liver cells is meant a tissue tropism for 
cells residing in the liver, preferably liver parenchyma cells. 

[0055] A tissue tropism for a certain tissue may be provided by increasing the efficiency 
with which cells of said tissue are transduced, alternatively, a tissue tropism for a certain tissue may 
be provided by decreasing the efficiency with which other cells than the cells of said tissue are 
transduced. 

[0056] Fiber proteins possess tissue tropism determining properties. The most well 
described fragment of the fiber protein involved in tissue tropism is the knob domain. However* the 
shaft domain of the fiber protein also possesses tissue tropism determining properties. However, 
not all of the tissue tropism deterrnining properties of an adenovirus capsid are incorporated into a 
fiber protein. 

(0057] In a preferred embodiment of the invention, a fiber protein derived from a 
subgroup B adenovirus, preferably adenovirus 16, is combined with the non-fiber capsid proteins 
from an adenovirus of subgroup C, preferably of adenovirus 5. 

[0058] In one aspect of the invention is provided a gene delivery vehicle comprising a 
nucleic acid derived from an adenovirus. In a preferred embodiment of the invention said 
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adenovirus nucleic acid comprises at least one nucleic acid sequence encoding a fiber protein 
comprising at least a tissue tropism detenriining fragment of a subgroup B adenovirus fiber protein, 
preferably of adenovirus 16. In a preferred aspect said adenovirus comprises nucleic acid from at 
least two different adenoviruses. In a preferred aspect said adenovirus comprises nucleic acid from 
at least two different adenoviruses wherein at least one nucleic acid sequence encoding a fiber 
protein comprising at least a tissue tropism determining fragment of a subgroup B adenovirus fiber 
protein, preferably of adenovirus 16. 

10059) In a preferred embodiment of the invention said adenovirus nucleic acid is 
modified such that the capacity of said adenovirus nucleic acid to replicate in a target cell has been 
reduced or disabled. This may be achieved through inactivating or deleting genes encoding early 
region 1 proteins. 

[0060] In another preferred embodiment said adenovirus nucleic acid is modified such 
that the capacity of a host immune system to mount an immune response against adenovirus 
proteins encoded by the adenovirus nucleic acid has been reduced or disabled. This may be 
achieved through deletion of genes encoding proteins of early region 2 and/or early region 4. 
Alternatively, genes encoding early region 3 proteins, may be deleted, or on the contrary, 
considering the anti-immune system function of some of the proteins encoded by the genes in early 
region 3, the expression of early region 3 proteins may be enhanced for some purposes. Also, the 
adenovirus nucleic acid may be altered by a combination of two or more of the specific alterations 
of the adenovirus nucleic acid mentioned above. It is clear that when essential genes are deleted 
from the adenovirus nucleic acid, the genes must be complemented in the cell that is going to 
produce the adenovirus nucleic acid, the adenovirus vector, the vehicle or the chimaeric capsid. The 
adenovirus nucleic acid may also be modified such that the capacity of a host immune system to 
mount an immune response against adenovirus proteins encoded by said adenovirus nucleic acid has 
been reduced or disabled, in other ways then mentioned above, for instance through exchanging 
capsid proteins, or fragments thereof, by capsid proteins, or fragments thereof, from other serotypes 
fox which humans do not have, or have low levels o£ neutralizing antibodies. Another example of 
this is the exchange of genes encoding capsid proteins with the genes encoding for capsid proteins 
from other serotypes. Also capsid proteins, or fragments thereof, may be exchanged for other 
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capsid proteins, or fragments thereof, for which individuals are not capable of, or have a low 
capacity of, raising an immune response against. 

[0061] An adenovirus nucleic acid may be altered further or instead of one or more of the 
alterations mentioned above, by inactivating or deleting genes encoding adenovirus late proteins 
such as but not-limited to, hexon, penton, fiber and/or protein IX. 

[00621 In a preferred embodiment of the invention all genes encoding adenovirus proteins 
are deleted from said adenovirus nucleic acid, turning said nucleic acid into a minimal adenovirus 
vector, 

[0063] In another preferred embodiment of the invention said adenovirus nucleic acid is 
an Ad/AAV chimaeric vector, wherein at least the integration means of an adeno- associated 
virus (AAV) are incorporated into said adenovirus nucleic acid. 

[0064] In a preferred embodiment of the invention, a vector or a nucleic acid, which may 
be one and the same or not according to the invention further comprises at least one non-adenovirus 
gene. Preferably, at least one of said non-adenovirus gene is selected from the group of genes 
encoding: an apo lipoprotein, a ceNOS, a herpes simplex virus thymidine kinase, an interleuldn-3, 
an interleukin-la, an (and) angiogenesis protein such as augio statin, an anti-proliferation protein, a 
vascular endothelial growth factor (VGAF), a basic fibroblast growth factor (bFGF), a hypoxia 
inducible factor la (HIF-la), a PAM and a smooth muscle cell anti-migration protein. 

[0065] In another aspect, the invention provides a cell for the production of a gene 
delivery vehicle provided with at least a tissue tropism for smooth muscle cells and/or endothelial 
cells. In another aspect, the invention provides a cell for the production of a gene delivery vehicle 
deprived of at least a tissue tropism for liver cells. In another aspect, the invention provides a cell 
for the production of a gene delivery vehicle provided with at least a tissue tropism for smooth 
muscle cells and/or endothelial cells and deprived of at least a tissue tropism for liver cells. In a 
preferred embodiment of the invention said cell is an adenovirus packaging cell, wherein an 
adenovirus nucleic acid is packaged into an adenovirus capsid. In one aspect of an adenovirus 
packaging cell of the invention all proteins required for the replication and packaging of an 
adenovirus nucleic acid, except for the proteins encoded by early region 1, are provided by genes 
incorporated in said adenovirus nucleic acid. The early region 1 encoded proteins in this aspect of 
the invention may be encoded by genes incorporated into the cells genomic DNA. In a preferred 
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embodiment of the invention said cell is PER.C6 (ECACG deposit number 96022940). In general, 
when gene products required for the replication and packaging of adenovirus nucleic acid into 
adenovirus capsid are not provided by an adenovirus nucleic acid, they are provided by the 
packaging cell, either by transient transfection, or through stable transformation of said packaging 
cell. However, a gene product provided by the packaging cell may also be provided by a gene 
present on said adenovirus nucleic acid. For instance fiber protein may be provided by the 
packaging cell, for instance through transient transfection, and may be encoded by the adenovirus 
nucleic acid. This feature can among others be used to generate adenovirus capsids comprising of 
fiber proteins from two different viruses. 

[0066] The gene delivery vehicles of the invention are useful for the treatment 
cardiovascular disease or disease treatable by nucleic acid delivery to endothelial cells or smooth 
muscle cells. A non-limiting example of the latter is for instance cancer, where the nucleic acid 
transferred comprises a gene encoding an anti-angiogenesis protein. 

[0067] The gene delivery vehicles of the invention may be used as a pharmaceutical for 
tbe treatment of said diseases. Alternatively, gene delivery vehicles of the invention may be used 
for the preparation of a medicament for the treatment of said diseases. 

[0068] In one aspect the invention provides an adenovirus capsid with or provided with a 
tissue tropism for smooth muscle cells and/or endothelial cells wherein said capsid preferably 
comprises proteins from at least two different adenoviruses and wherein at least a tissue tropism 
determining fragment of a fiber protein is derived from a subgroup B adenovirus, preferably of 
adenovirus 16, In another aspect the invention provides an adenovirus capsid deprived of a tissue 
tropism for liver cells wherein said capsid preferably comprises proteins from at least two different 
adenoviruses and wherein at least a tissue tropism determining fragment of a fiber protein is derived 
from a subgroup B adenovirus, preferably of adenovirus 1 6. 

[0069] In one embodiment the invention comprises the use of an adenovirus capsid* for 
the delivery of nucleic acid to smooth muscle cells and/or endothelial cells. In another embodiment 
the invention comprises the use of an adenovirus capsid, for preventing the delivery of nucleic acid 
to liver cells. The adenovirus capsids of the invention may be used for the treatment cardiovascular 
disease or disease treatable by nucleic acid delivery to endothelial cells or smooth muscle cells. 
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Example of the latter is for instance cancer where the nucleic acid transferred comprises a gene 
encoding an anti-angiogenesis protein. 

|0O7O] The adenovirus capsids of the invention may be used as a pharmaceutical for the 
treatment of said diseases. Alternatively, adenovirus capsids of the invention may be used for the 
preparation of a medicament for the treatment of said diseases. 

[0071] In another aspect of the invention is provided construct pBr/AdJJarnRAflb 
(ECACC deposit number 01 121708, deposited on December 12, 2001 with the Centre for Applied 
Microbiology and Research Authority (European Collection of Animal Cell Cultures), Porton 
Down, Salisbury, Wiltshire SP4, OJG, United Kingdom, an International Depository Authority, in 
accordance with the Budapest Treaty comprising adenovirus 5 sequences 21562-31094 
and 32794-35938. 

[0072] In another aspect of the invention is provided construct pBr/AdBamRfibl6 
(ECACC deposit number 01 121710, deposited on December 12, 2001 with the Centre for Applied 
Microbiology and Research Authority (European Collection of Animal Cell Cultures), Porton 
Down, Salisbury, Wiltshire SP4, OJG, United Kingdom, an International Depository Authority, in 
accordance with the Budapest Treaty, comprising adenovirus 5 sequences 21562-31094 and 
32794-35938, further comprising an adenovirus 16 gene encoding fiber protein. 

[0073] In yet another aspect of the invention is provided construct 
pBr/AdBamR.pac/fibl6 (ECACC deposit number 01 121709, deposited on December 12, 2001 with 
the Centre for Applied Microbiology and Research Authority (European Collection of Animal Cell 
Cultures), Porton Down, Salisbury, Wiltshire SP4, OJG, United Kingdom, an International 
Depository Authority, in accordance with the Budapest Treaty, comprising adenovirus 5 sequences 
21562-31094 and 32794-35938, further comprising an adenovirus 16 gene encoding fiber protein, 
and further comprising a unique Pad-site in the proximity of the adenovirus 5 right terminal repeat, 
in the non-adenovirus sequence backbone of the construct. 

[0074] In another aspect of the invention is provided construct pWE/Ad.AfltIrITRfibl6 
(ECACC deposit number 01 121 71 1, deposited on December 12, 2001 with the Centre for Applied 
Microbiology and Research Authority (European Collection of Animal Cell Cultures), Porton 
Down, Salisbury, Wiltshire SP4, OJG, United Kingdom, an International Depository Authority in 
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accordance with the Budapest Treaty comprising Ad5 sequence 3534-31094 and 32794-35938* 
further comprising an adenovirus 1 6 gene encoding fiber protein. 

[0075] In another aspect of the invention is provided construct 
pWE/AdAflIIrITRDE2 Afibl 6 (ECACC deposit number 01121712, deposited on December 12, 
2001 with the Centre for Applied Microbiology and Research Authority (European Collection of 
Animal Cell Cultures), Porton Down, Salisbury, Wiltshire SP4, OJG, United Kingdom, an 
International Depository Authority, in accordance with the Budapest Treaty comprising Ad5 
sequences 3534-22443 and 24033-31094 and 32794-35938, further comprising an adenovirus 16 
gene encoding fiber protein. 

|0076] In the numbering of the sequences mentioned above, the number is depicted until 
and not until plus. 

[0077] In a preferred embodiment of the invention said constructs are used for the 
generation of a gene delivery vehicle or an adenovirus capsid with a tissue tropism for smooth 
muscle cells and/or endothelial cells. 

[0078] In another aspect the invention provides a library of adenovirus vectors, or gene 
delivery vehicles which may be one and the same or not, comprising a large selection of 
non-adeno virus nucleic acids. In another aspect of the invention, adenovirus genes encoding capsid 
proteins are used to generate a library of adenovirus capsids comprising of proteins derived from at 
least two different adenoviruses, said adenoviruses preferably being derived from two different 
serotypes, wherein preferably one serotype is an adenovirus of subgroup B. In a particularly 
preferred embodiment of the invention a library of adenovirus capsids is generated comprising 
proteins from at least two different adenoviruses and wherein at least a tissue tropism determining 
fragment of fiber protein is derived from an adenovirus of subgroup B, preferably of adenovirus 1 6. 

(00791 A fiber protein of adenovirus 16 preferably comprises of the sequence given in 
Figure 9. However within the scope of the present invention analogous sequences may be obtained 
through using codon degeneracy. Alternatively, arnino-acid substitutions or insertions or deletions 
may be performed as long as the tissue tropism determining property is not significantly altered. 
Such arnino-acid substitutions may be within the same polarity group or without 

[0080] In the following the invention is illustrated by a number of non-limiting examples. 
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EXAMPLES: 

Example 1 : Generation of adenovirus serotype 5 based viruses with chimaeric fiber proteins 

Generation of adenovirus template clones lacking DNA encoding for fiber 

[0081] The fiber coding sequence of adenovirus serotype 5 is located between 
nucleotides 3 1 042 and 32787, To remove the adenovirus serotype 5 DNA encoding fiber we started 
with construct pBr/Ad-Bam- rlTR (Figure 1 ; ECACC deposit P97082122). From this construct first 
aNdel site was removed. For this purpose, pBr322 plasmid DNA was digested with Ndel after 
which protruding ends were filled using Klenow enzyme. This pBr322 plasmid was then re-ligated, 
digested with Ndel and transformed into £. coli DH5a. The obtained pBr/ANdel plasmid was 
digested with Seal and Sail and the resulting 3198 bp vector fragment was li gated to the 15349 bp 
Seal-Sail fragment derived from pBr/AdBamrlTR, resulting in plasmid pBr/Ad.Bam-rlTRANdel 
which hence contained a unique Ndel site. Next a PCR was performed with oligonucleotides 
"NY-up" and ' 'NY-down' ' (Figure 2). During amplification, both a Ndel and a NsiJ restriction site 
were introduced to facilitate cloning of the amplified fiber DNAs. Amplification consisted of 25 
cycles of each for 45 sec. at 94° C, 1 rnin. at 60° C, and 45 sec. at 72° C. The PCR reaction 
contained 25 pmol of oligonucleotides NY-up or NY-down, 2mM dNTP, PCR buffer with 1 .5 mM 
MgCb, and 1 unit of Elongase heat stable polym erase (Gibco, The Netherlands). One-tenth of the 
PCR product was run on an agarose gel which demonstrated that the expected DNA fragment of ± 
2200 bp was amplified. This PCR fragment was subsequently purified using Geneclean kit system 
(Biol 01 Inc.). Then, both the construct pBr/Ad.Bam-rITRANdel as well as the PCR product were 
digested with restriction enzymes Ndel and Sbfl The PCR fragment was subsequently cloned 
using T4 ligase enzyme into the Ndel and Sbfl sites thus generating pBr/Ad.BamRAFib (Figure 3), 

Amplification of fiber sequences from adenovirus serotypes 

[0082] To enable amplitlcation of the DNAs encoding fiber protein derived from 
alternative serotypes degenerate oligonucleotides were synthesized. For this purpose, first 
known DNA sequences encoding for fiber protein of alternative serotypes were aligned to identify 
conserved regions in both the tail region as well as the knob region of the fiber protein. From the 
alignment, which contained the nucleotide sequence of 19 different serotypes representing all 6 
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subgroups, (degenerate) oligonucleotides were synthesized (see Table I, SEQ ED NOS: 1-13). Also 
shown in table 3 is the combination of oligonucleotides used to amplify the DNA encoding fiber 
protein of a specific serotype. The amplification reaction (50 pi) contained 2 mM dNTPs, 25 pmol 
of each oligonucleotide, standard lx PGR buffer, 1,5 mM MgCt, and 1 Unit Pwo heat stable 
polymerase (Boehringer Mannheim) per reaction. The cycler program contained 20 cycles, each 
consisting of 30 sec. at 94° C, 60 sec. at 60-64° C, and 120 sec. at 72° C. One-tenth of the PCR 
product was run on an agarose gel to demonstrate that a DNA fragment was amplified. Of each 
different template, two independent PCR reactions were performed. 

Generation of chimaeric adenoviral DNA constructs 

[0083] All amplified fiber DNAs as well as the vector (pBr/Ad.BamRAFib) (ECACC 
deposit number 01 121 708) were digested with Ndel and NsiL The digested DNAs were 
subsequently run on a agarose gel after which the fragments were isolated from the gel and purified 
using the Geneclean kit (Biol 01 Inc). The PCR fragments were men cloned into the Ndel and Nsil 
sites of pBr/AdBamRAFib (ECACC deposit number 01 121708), thus generating 
pBr/AdBamRFibXX (where XX stands for the serotype number of which the fiber DNA was 
isolated). The inserts generated by PCR were sequenced to confirm correct amplification. The 
obtained sequences of the different fiber genes are shown in Figure 4. 

Generation of recombinant adenovirus chimaeric for fiber protein 

[0084] To enable efficient generation of chimaeric viruses an Avrll fragment from the 
pBr/AdBamRFibl6 (ECACC deposit number 01121710), pBr/AdBamRPib28, 
pBr/AdBarnRFib40-L constructs was subcloned into the vector pBr/Ad.Bam-rITR.pac#8 (ECACC 
deposit #P970821 21) replacing the corresponding sequences in this vector. 
pBr/Ad.Bam-rrrR.pac#8 has the same adenoviral insert as pBr/A&Bam-rlTR but has a PacI site 
near the rlTR that enables the ITR to be separated from the vector sequences. The constuct 
pWE/Ad-Aflll-Eco was generated as follows. PWE.pac was digested with Clal and the 5 prime 
protruding ends were filled in with Klenow enzyme. The DNA was then digested with PacI and 
isolate from agarose gel. PWE/AflllrlTR was digested with EcoRJ and after treatment with Klenow 
enzyme digested with PacI. The large 24 kb fragment containing the adenoviral sequences was 
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isolated frura agarose gel and ligated to the Clal digested and blunted pWE.Pac vector. Use was 
made of the ligation express kit from Clontech. After transformation of XLlO-gold cells from 
Stratagene, clones were identified that contained the expected construct PWE/Ad.Alfll-Eco 
contains Ad5 sequences from basepairs 3534-27336. Three constructs, pCIipsal-Luc (Figure 5) 
digested with Sail, pWE/Ad.AflTI-Eco digested with Pad and EcoRI and pBr/AdBamR.pac/fibXX 
digested with BamHI and PacI were transfected into adenovirus producer cells (PER.C6, Fallaux et 
al, 1998). Figure 6 schematically depicts the method and fragments used to generate the chim aerie 
viruses. Only pBr/Ad.BamRflbl2 was used without subclomng in the PacI containing vector and 
therefor was not liberated from vector sequences using PacI but was digested with Clal which 
leaves approximately 160 bp of vector sequences attached to the right ITR. Furthermore, the 
pBr/Ad.BamRfibl2 and pBr/Ad.BarnRfib28 contain an internal BamHI site in the fiber sequences 
and were therefor digested with Sail which cuts in the vector sequences flanking the BamHI site. 
For transfection, 2 of pCLIPsal-Luc, and 4 ^g of both pWE/Ad.Aflll-Eco and 
pBr/AdBamR.pac/fibXX were diluted in serum free DMEM to 100 jul total volume. To this DNA 
suspension 100 iA 2.5% diluted lipofectamine (Gibco) in serum-free medium were added. After 30 
minutes at room temperature, the DNA-lrpofectaraine complex solution was added to 2.5 ml of 
serum-free DMEM which was subsequently added to a T25 cm 2 tissue culture flask. This flask 
contained PER.C6 cells that were seeded 24-hours prior to transfection at a density of 1 x 10 6 
cells/flask. Two hours later, the DNA-lipofectamine complex containing medium was diluted once 
by the addition of 2.5 ml DMEM supplemented with 20% fetal calf serum. Agains 24 hours later 
the medium was replaced by fresh DMEM supplemented with 10% fetal calf serum. Cells were 
cultured for 6-8 days, subsequently harvested, and freeze/thawed 3 times. Cellular debris was 
removed by centrifugation for 5 minutes at 3000 rpm room temperature. Of the supernatant (12.5 
ml) 3-5 ml was used to infect again PER.C6 cells <T80 cm 2 tissue culture flasks). This re-infection 
results in full cytopathogenic effect (CPE) after 5-6 days after which the adenovirus is harvested as 
described above. 

Production of fiber chimaeric adenovirus 

[00851 1 0 ml of the above described crude lysate was used to inoculate a 1 liter fermentor 
which contained l 7 - 1.5 xlO 6 PER.C6 cells/ml growing in suspension. Three days after 
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inoculation, the cells were harvested and pelleted by centrifuging for 1 0 min at 1750 rpm at room 
temperature. The criiraaeric adenovirus present in the pelleted cells was subsequently extracted and 
purified using the following downstream processing protocol. The pellet was dissolved in 50 ml 
10 mM NaP0 4 and frozen at -20°C After thawing at 37°C, 5.6 ml deoxychotate (5% w/v) was 
added after which the solution was homogenated. The solution was subsequently incubated for 15 
minutes at 37°C to completely crack the cells. After homogenizing the solution, 1875 ul (1M) 
MgCl 2 was added and 5 ml 100% glycerol. After the addition of 375 ul DNase (10 mg/ ml) the 
solution was incubated for 30 minutes at 37°C. Cell debris was removed by centritugation 
at 1880 xg for 30 minutes at room temperature without the brake on. The supernatant was 
subsequently purified from proteins by loading on 10 ml of freon. Upon centritugation for 15 
minutes at 2000 rpm without brake at room temperature three bands are visible of which the upper 
band represents the adenovirus. This band was isolated by pipetting after which it was loaded on 
aTris/HCI (1M) buffered caesiumchloride blockgradient (range: 1.2 to 1.4 gr7ml). Upon 
centrifugation at 21 000 rpm for 2.5 hours at 10°C the virus was purified from remaining protein and 
cell debris since the virus, in contrast to the other components, does not migrate into the 1.4 gr./ ml 
caesiumchloride solution. The virus band is isolated after which a second purification using a Tris/ 
HCl (1M) buffered continues gradient of 1 .33 gr. /ml of ceasiumchloride is performed. After virus 
loading on top of this gradient the virus is centrifuged for 17 hours at 55000 rpm at 10°C. 
Subsequently the virus band is isolated and after the addition of 30 uJ of sucrose (50 w/v) excess 
caesiumchloride is removed by three rounds of dialysis, each round comprising of 1 hour. For 
dialysis the virus is transferred to dialysis slides (Slide-a-Uzer, cut off 10000 kDa, Pierce, USA). 
The buffers used for dialysis are PBS which are supplemented with an increasing concentration of 
sucrose (round 1 to 3: 30 ml, 60 ml, and 150 ml sucrose (50% w/v)/ 1.5 liter PBS, all supplemented 
with 7.5 ml 2% (w/v) CaMgCb). After dialysis, the virus is removed from the slide-a-lizer after 
which it is aliquoted in portions of 25 and 100 ul upon which the virus is stored at -85°C. To 
determine the number of virusparticles per ml, 50 ul of the virus batch is run on an high pressure 
liquid chromatograph (HPLC) as described by Shamram et al (1997). The virus titers were found to 
be in the same range as the Ad5Xuc virus batch (Ad5Xuc: 2.2 x 10 n vp/ ml; Ad5.LucFibl2: 
1.3 xlO 11 vp/ ml; Ad5.LucFibl6: 3.1 x 10 12 vp/ ml; Ad5XucFib28: 5.4 x 10 10 vp/ ml; 
Ad5.LucFib40-L: 1.6x1 0 12 vp/ ml). 
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Example 2: biodistribution of chimeric viruses after intravenous tail vein injection of rats 

(0086] To investigate the biodistribution of the chimeric adenoviruses carrying 
fiber 12, 16, 28, or 40-2, lxlO 10 particles of each of the generated virusbatches was diluted in 1 
ml PBS after which the virus was injected in the tail vein of adult male Wag/Rij rats (3 rats/ virus). 
As a control, Ad5 carrying the hiciferase transgeue was used. Forty-eight hours after the 
adrninistration of the virus, the rats were sacrificed after which the liver, spleen, lung, Iddney, heart, 
and brain were dissected. These organs were subsequently mixed with I ml of lysis buffer (1% 
Triton X-10CV PBS) and minced for 30 seconds to obtain a protein rysate. The protein lysate was 
subsequently tested for the presence of transgene expression (luciferase activity) and the protein 
concentration was determined to express the luciferase activity per ug of protein. The results, 
Shown in Table II, demonstrate that in contrast to the Adenovirus serotype 5 control, none of the 
fiber chimeras are targeted specifically to the liver or to the spleen. This experiment shows that it is 
possible to circumvent the uptake of adenoviruses by the liver by making use of fibers of other 
serotypes. It also shows that the uptake by the liver is not correlated with the length of the fiber 
shaft, or determined solely by the ability of fiber knob to bind to CAR. The fibers used have 
different shaft lengths and, except for fiber 16, are derived from subgroups known to have a fiber 
that can bind CAR (Roelvink et al 1998). 

Example 3: Chimaeric viruses display differences in endothelial and smooth muscle cell 
transduction 

A) Infection of Human endothelial cells 

[00871 Human endothelial cells (HUVEC) were isolated, cultured and characterized as 
described previously (Jaffe et al 1973; Wijnberg et al 1997). Briefly, cells were cultured on 
gelatin-coated dishes in M199 supplemented with 20 mM HEPES, pH 7.3 (Flow Labs., Irvine, 
Scotland), 10% (v/v) human serum (local blood bank), 10% (v/v) heat-inactivated newborn calf 
serum (NBCS) (GIBCO BRL, Gaithersburg, MD), 150 ug/ ml crude endothelial cell growth 
factor, 5 U/ ml heparin (Leo Pharmaceutics Products, Wcesp, The Netherlands), pemcillin (100 
Ul/ml) /streptomycin (100 ug/ ml) (Boehringer Mannheim, Mannheim, FRG) at 37°C under 5% 
(v/v) CCV 95% (v/v) air atmosphere. Cells used for experiments were between passage 1-3. In a 
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first set of experiments 40000 HUVEC cells (a pool from 4 different individuals) were seeded in 
each well of 24-wells plates in a total volume of 200 ul. Twenty-four hours after seeding, the cells 
were washed with PBS after which 200 pi of DMEM supplemented with 2% FCS was added to the 
cells. This medium contained various amounts of virus (MOI = 50, 250, 1000, 2500, 5000, and 
10000). The viruses used were besides the control Ad5, the fiber chimeras 12, 1.6, 28, and 40-L 
(each infection in triplicate). Two hours after addition of the vims the medium was replaced by 
normal medium. Again forty-eight hours later cells were washed and lysed by the addition of 100 
uJ lysisbuffen In figure 7a, results are shown on the transgene expression per microgram total 
protein after infection of HUVEC cells. These results show that fiber chimeras 12 and 28 are 
unable to infect HUVEC cells, that 40-L infects HUVECs with similar efficiency as the control Ad5 
virus, and that fiber chimera 16 infects HUVECs significantfy better. In a next set of experiments 
(n = 8) the fiber 16 chimera was compared with the AdSXuc vector on HUVEC for luciferase 
activity after transduction with 2500 virus particles per cell of each virus. These experiments 
demonstrated that fiber 16 yields, on average, 8.1 fold increased luciferase activity (SD ± 4.6) as 
compared with Ad5. In a next experiment, an equal number of virus particles was added to wells of 
24-well plates that contained different HUVEC cell concentrations. This experiment was performed 
since it is known that HUVECs are less efficiently infected with adenovirus serotype 5 when these 
cells reach confluency. For this purpose, HUVECs were seeded at 22500, 45000, 90000, and 
135000 cells per well of 24-well plates (in triplicate). Twenty-four hours later, these cells were 
infected as described above with medium containing 4.5 x 10 9 viruspartides. The viruses used 
were, besides the control adenovirus serotype 5, the chimera fiber 16. The result of the transgene 
expression (RLU) per microgram protein determined 48 hours after infection (see figure 7b) shows 
that the fiber 16 chim aerie adenovirus is also better suited to infect HUVEC cells even when these 
cells are 100% confluent which better mimics an in vivo situation. Since the Luciferase markergene 
does not provide information concerning the number of cells infected another experiment was 
performed with adenovirus serotype 5 and the fiber 16 chimera, both carrying a green fluorescent 
protein (GFP) as a marker gene. This protein expression can be detected using a flow cytometer 
which renders information about the percentage of cells transduced as well as fluorescence per cell. 
In this experiment cells were seeded at a concentration of 40000 cells per well and were exposed to 
virus for 2 hours. The virus used was AdS.GFP (8.4 x I0 n vp/ ml) and Ad5.Fibl6 GFP (5.1 x 10 M 
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vp/ ml). Cells were exposed to a vims concentration of 500 virus particles per cell. Flow 
cytometric analysis, 48 hours after virus exposure demonstrated that the fiber 16 virus gives higher 
transgene expression levels per cell since the median fluorescence, a parameter identifying the 
amount of GFP expression per cell, is higjher with fiber 16 as compared to Ad5 (Figure 7c). These 
results are thus consistent and demonstrate that the fiber 16 chimeric virus is better suited to infect 
human primary endothelial cells as compared to Ad5. 

B) Infection of human smooth muscle cells 

[0088J Smooth muscle cells were isolated after isolation of EC (Weinberg et al 1997). 
The veins were incubated with medium (DMEM) supplemented with penicillin/ streptomycin) 
containing 0.075% (w/v) collagenase (Worthington Biochemical Corp., Freehold, NJ, USA). 
After 45 minutes the incubation medium containing detached cells was flushed from the veins. 
Cells were washed and cultured on gelatin coated dishes in culture medium supplemented with 10% 
fetal calf serum and 10% human serum at 37°C under 5% (v/v) COrf 95% (v/v) air atmosphere. 
Cells used for experiments were between passage 3-6. We first tested the panel of chimeric fiber 
viruses versus the control adenovirus serotype 5 for the infection of human smooth muscle cells. 
For this purpose, 40000 human umbiKcal vein smooth muscle cells (HUVsmc) were seeded in wells 
of 24-weH plates in a total volume of 200 ul. Twenty-four hours after seeding, the cells were 
washed with PBS after which 200 ul of DMEM supplemented with 2% FCS was added to the cells. 
This medium contained various amounts of virus (MOl = 50, 250, 1250, 2500, and 5000). The 
viruses used were besides the control Ad5 the fiber chimeras 12, 16, 28, and 40-L (each infection in 
triplicate). Two hours after addition of the virus the medium was replaced by normal medium. 
Again forty-eight hours later cells were washed and lysed by the addition of 100 ul lysisbuffer. In 
figure 8a, results are shown of the transgene expression per microgram total protein after infection 
of HUVsmc cells. These results show that fiber chimeras 12 and 28 are unable to infect HUVsmc 
cells, that 40-L infects HUVsmc with similar efficiency as the control Ad5 virus, and that fiber 
chimera 16 infects HUVsmc significantly better. In a next set of experiments, smooth muscle cells 
derived from saphenous vene, arteria Hiaca, left interior mammory artery (LIMA) and aorta were 
tested for infection with the fiber 16 chimera and Ad5 (both carrying luciferase as a marker gene). 
These experiments (n = 11) demonstrated that, on average, the fiber 16 chimera yielded 61 .4 fold 
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increased levels in luciferase activity (SD ± 54,8) as compared to Ad5. The high standard 
deviation (SD) is obtained due to the finding that the adenoviruses used vary in their efficiency of 
infection of SMC derived from different human vessels. In a next experiment, an equal number of 
virus particles was added to wells of 24-well plates that contained different HUVsmc cell 
concentrations confluence For this purpose, HUVsmc were seeded at 10000, 20000, 40000, 60000, 
and 80000 cells per well of 24-well plates (in triplicate). Twenty-four hours later these cells were 
infected as described above with medium containing 2 x 1 0 8 virusparticles. The viruses used were, 
besides the control adenovirus serotype 5, the chimera fiber 16. The result of the transgene 
expression (RLU) per microgram protein determined 48 hours after infection (see figure 8b) shows 
that the fiber 16 chimeric adenovirus is better suited to infect smooth muscle cells even when these 
cells are 100% confluent which better niimics an in vivo situation. 

[0089] To identify the number of SMCs transduced with the fiber 1 6 chimera and Ad5, 
we performed transduction experiments with Ad5.GFP and Ad5Fibl6.GFP (identical batches as 
used for EC infections). Human umbilical vein SMC were seeded at a concentration of 60000 cells 
per well in 24-well plates and exposed for 2 hours to 500 or 5000 virus particles per cell 
of AdS.GFP or Ad5Fibl6.GFP. Forty-eight hours after exposure cells were harvested and analyzed 
using a flow cytometer. The results obtained show that the fiber 1 6 mutant yields approximately 1 0 
fold higher transduction of SMC since the GFP expression measured after transduction with 5000 
virus particles of Ad5.GFP is equal to GFP expression after transduction with 500 virus particles per 
cell of the fiber 16 chimera (Figure 8c). 

C) Subgroup B fiber mutants other than fiber 1 6 

[00901 The shaft and knob of fiber 16 are derived from adenovirus serotype 16 which, as 
described earlier, belongs to subgroup B. Based on hemagglutination assays, DNA restriction 
patterns, and neutralization assays the subgroup B viruses have been further subdivided into 
subgroup Bl and B2 (Wadeil et al 1984). Subgroup Bl members include serotypes 3, 7, 16, 21, 
and 51. Subgroup B2 members include 11,14, 34, and 35. To test whether the increased infection 
of smooth muscle cells is a trade of all fibers deri ved from subgroup B or specific for one or more 
subgroup B fiber molecules, we compared fiber 16 and fiber 51 (both subgroup Bl) with fiber 1 1 
and fiber 35 (both subgroup B2). For this purpose HUVsmc were infected with increasing amounts 
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of virus particles per cell (156, 312, 625, 1250, 2500, 5000). The fiber mutant all carry the 
Luciferase marker gene (Ad5Fibl I.Luc: 1.1 x 10 12 vp/ ml; Ad5Fib35Luc: 1.4 x 10 12 vp/ ml; 
Ad5Fib5tLuc: 1.0 x 10 12 vp/ ml). Based on the Luciferase activity measured and shown in 
Figure 84 efficient infection of SMC is not a general trade of all subgroup B fiber molecules. 
Clearly, fiber 16 an fiber 11 are better suited for infection of SMC than fiber 35 and fiber 51. 
Nevertheless, all subgroup B fiber mutants tested infect SMC better as compared to Ad5. 

D) Organ culture experiments 

[0091] We next identified whether the observed difference in transduction of EC 
and SMC using the fiber 16 chimera or the Ad5 can also be demonstrated in organ culture 
experiments. Hereto, We focused on the following tissues: 1 ) Human Saphenous vein: the vein 
used in approximately 80% of all clinical vein grafting procedures 

[0092] 2) Human pericard/ epicard: for delivery of recombinant adenoviruses to the 
pericardial fluid which after infection of the pericardial or epicardial cells produce the protein of 
interest from the transgcnc carried by the adenovirus. 3) Human coronary arteries: percutaneous 
transluminal coronary angioplasty (PTCA) to prevent restenosis. Of the coronary arteries we 
focused on the Left artery descending (LAD) en right coronary artery (RCA). 

[0093] Parts of a human saphenous vein left over after vein graft surgery were sliced into 
pieces of approximately 0.5 cm. These pieces (n-3) were subsequently cultured for 2 hours 
in 200 ml of 5 x 10 10 virus particles per ml. After two hours virus exposure the pieces were washed 
with PBS and cultured for another 48 hours at 37°C in a 10% CO2 incubator. The pieces were then 
washed fixated and stained for LacZ transgene expression. The viruses were Ad5.LacZ (2.2 x 10 12 
vp/ ml), the fiber 16 chimera Ad5Fibl6.LacZ (5.2 x 10 11 vp/ ml), and A fiber 51 chiamera: 
Ad5Fib51.LacZ (2.1 x 10 12 vp/ ml). The pieces of saphenous vein were macroscopically 
photographed using a digital camera. Based on LacZ transgene expression obtained after 2 hours of 
virus exposure on saphenous vein slices, both the fiber 16 and the fiber 51 chimeric viruses give 
higher infection since much more blue staining is observed using these viruses as compared 
to AdS.LacZ (Figure 8e). Identical experiments as described on saphenous vein were performed 
with human pericard and the human coronary arteries: RCA and LAD. Results of these 
experiments (Figures 8f-8g-8h respectively) together with the experiments performed on primary 
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cells confirmed the superiority of the fiber 16 and 51 mutants as compared to Ad5 in infecting 
human cardiovascular tissues. 

E) CAR and integrin expression on human EC and SMC 

10094} From the above described results it is clear that the chimeric adenovirus with the 
shaft and knob from fiber 16 is well suited to infect endomelial cells and smooth muscle cells. 
Thus, by changing the fiber protein on Ad5 viruses we are able to increase infection of cells that are 
poorly infected by Ad5. The difference between Ad5 and Ad5Fibl6, although significant on both 
cell types, is less striking on endothelial cells as compared to smooth muscle cells. This may reflect 
differences in receptor expression. For example, HUVsmc significanUy more a v p5 integrins 
than HUVEC (see below). Alternatively, this difference may be due to differences in expression of 
the receptor of fiber 16. Ad5.LucFibl6 infects umbilical vein smooth muscle cells approximately 
8 fold better than umbilical vein endothelial cells whereas in case of AdS.Luc viruses endothelial 
cells are better infected than smooth muscle cells. To test whether Ad5 infection correlated with 
receptor expression of these cells the presence of CAR and Ov-integrins was assayed on a flow 
cytometer. For this purpose 1x10 s HUVEC ceils or HUVsmc were washed once with PBS/ 0.5% 
BSA after which the cells were pelleted by centrifugation for 5 minutes at 1750 rpm at room 
temperature. Subsequently, 10 ul of a 100 times diluted ttv(33 antibody (Mab 1961, Brunswick 
chemie, Amsterdam, The Netherlands), a 100 times diluted antibody OvBS (antibody (Mab 1976, 
Brunswick chemie, Amsterdam, The Netherlands), or 2000 times diluted CAR antibody was a kind 
gift of Dr. Bergelson, Harvard Medical School, Boston, USA (Hsu et al) was added to the cell pellet 
after which the cells were incubated for 30 minutes at 4°C in a dark environment After this 
incubation, cells were washed twice with PBS/0.5°/o BSA and again pelleted by centrifugation for 5 
minutes at 1750 rpm room temperature. To label the cells, 10 ml of rat anti mouse IgGl labeled 
with phycoeiythrine (PE) was added to the cell pellet upon which the cells were again incubated 
for 30 minutes at 4°C in a dark environment Finally, the cells were washed twice with PBS/0.5% 
BSA and analyzed on a flow cytometer. The results of these experiments are shown in table Til. 
From the results it can be concluded that HUVsmc do not express detectable levels of CAR 
confirming that these cells are difficult to transduce with an adenovirus which enters the cells via 
the CAR receptor. 
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F) Infection of human A549 cells 

[00951 As a. control for the experiments performed on endothelial cells and smooth 
muscle cells, A549 cells were infected to establish whether an equal amount of virus particles of the 
different chimeric adenoviruses show significant differences in transgene expression on cell lines 
that are easily infected by adenovirus. This is to investigate whether the observed differences in 
infection efficiency on endothelial and smooth muscle cells are cell type specific. For this 
purpose, 10 s A549 cells were seeded in 24-well plates in a volume of 200 ul. Two hours after 
seeding the medium was replaced by medium containing different amounts of particles of either 
fiber chimera 5, 12, 16, or 40-L (MOI = 0, 5, 10, 25, 100, 500). Twenty-four hours after the 
addition of virus, the cells were washed once with PBS after which the cells were lysed by the 
addition of 100 ul lysisbuffer to each well (1% Triton X-100 in PBS) after which transgene 
expression (Luciferase activity) and the protein concentration was determined. Subsequently, the 
luciferase activity per ug protein was calculated. The data, shown in table IV, demonstrate 
that Ad5.Luc viruses infect A549 cells most efficient while the infection efficiency of Ad5LucFibl6 
or Ad5.LucFib40-L is a few times lower. This means that the efficient infection of endothelial cells 
and especially smooth muscle cells is due to differences in binding of the virus to these cells and not 
to the amount of virus or the quality of the viruses used. 
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Table I 

Serotype Tail oligonucleotide Knob oligonucleotide 



4 


A 


1 


8 


B 


2 


9 


B 


2 


12 


E 


3 


16 


C 


4 


19p 


B 


2 


23 


B 


2 


32 


B 


2 


36 


B 


2 


37 


B 


2 


40-1 


D 


5 


40-2 


D 


6 


41-s 


D 


5 


41-1 


D 


7 


49 


B 


2 


50 


B 


2 


51 


C 


8 



A: 5 - CCC GTG TAT CCA TAT GAT GCA GAC AAC GAC CGA CC- 3 ' 

B: 5 r - CCC GTC TAC CCA TAT GGC TAC GCG CGG- 3' 

C: 5'- CCK GTS TAC CCA TAT GAA GAT GAA AGC- 3' 

D: 5'- CCC GTC TAC CCA TAT GAC ACC TYC TCA ACT C- 3' 

E 5'- CCC GTT TAC CCA TAT GAC CCA TTT GAC ACA TCA GAC- 3' 

1 : 5'- CCG ATG CAT TTA TTG TTG GGC TAT ATA GGA- 3 r 

2: 5'- CCG ATG CAT TVA TTC TTG GGC RAT ATA GGA- 3' 

3; 5'- CCG ATG CAT TTA TTC TTG GGR AAT GTA WGA AAA GGA- 3' 

4: 5'- CCG ATG CAT TCA GTC ATC TTC TCT GAT ATA- 3 ' 

5: 5'- CCG ATG CAT TTA TTG TTC AGT TAT GTA GCA- 3 r 

6: 5'- GCC ATG CAT TTA TTG TTC TGT TAC ATA AGA- 3' 

7: 5'- CCG TTA ATT AAG CCC TTA TTG TTC TGT TAC ATA AGA A- 3' 

8: 5'- CCG ATG CAT TCA GTC ATC YTC TWT AAT ATA- 3 ' 
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Table II 



Organ 


Control Ad5 


Fib 12 


Fib 16 


Fib 28 


Fib 40-L 


Liver 


740045 


458 


8844 


419 


2033 


Spleen 


105432 


931 


3442 


592 


16107 


Lung 


428 


315 


334 


316 


424 


Kidney 


254 


142 


190 


209 


224 


Heart 


474 


473 


276 


304 


302 


Brain 


291 


318 


294 


323 


257 



Table M 



Cell line 


a v p3 


ctvP5 


CAR 


HUVEC 70% 


98.3% 


18.9% 


18-1% 


HUVEC 100% 


97.2% 


10.5% 


7.2% 


HUVsmc 70% 


95.5% 


76.6% 


0.3% 


HUVsmc 100% 


92.2% 


66.5% 


0.3% 


PER.C6 


7.8% 


16.8% 


99.6% 
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Table IV 



MOI (VP/Cell) 


Control Ad5 


Fiber 12 


Fiber 16 


Fiber 40-L 


0 


0 


0 


0 


0 


5 


1025 


46 


661 


443 


10 


1982 


183 


1704 


843 


25 


4840 


200 


3274 


2614 


100 


21875 


1216 


13432 


11907 


500 


203834 


3296 


93163 


71433 
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